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Abstract:  Objective  To investigate the pollution status of 8 kinds of heavy metals in tap water from the Xiang, Zi, Yuan and
Li River in Hunan Province so as to evaluate the health risk induced by the heavy metals. Methods We tested the concentra-
tion of arsenic (As), cadmium (Cd), hexavalent chromium (Cr® ), lead (Pb), mercury (Hg), selenium (Se), manganese
(Mn) and zinc (Zn) in tap water from the Xiang, Zi, Yuan and Li River in Hunan Province in 2014, and then evaluated their
health risk.  Results The concentration of the 8 kinds of heavy metals in wet and dry seasons was both below the detection limits
of national standards. Among the four rivers, only the carcinogenic risks of As and Cd in two seasons and Cr® in wet season in the
Xiang River were all slightly higher than the acceptable limits, while the carcinogenic risk limits of the other heavy metals were all
lower than 10™*. The combined carcinogenic risks of As, Cd, Cr® and Pb were 1.32x107 in wet season and 1.50x107* in dry sea-
son, which were both slightly higher than the limit (107™*). The single and combined non—carcinogenic risks of the 7 heavy metals
(including As, Cd, Cr*, Hg, Se, Mn and Zn) in wet and dry seasons in the Xiang, Zi, Yuan and Li River were all less than 1.
The heavy— metal-induced non—carcinogenic and carcinogenic risks showed statistically significant differences between the two sea-
sons as well as among the four river basins(both P<0.05). Conclusions The heavy— metal—induced combined pollution in tap
water from the Xiang, Zi, Yuan and Li River in Hunan Province may pose health risks to local people; and hence, the relevant lo-
cal health and environmental protection departments should pay special attention to the heavy—metal-induced pollution in the four
rivers.
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TR ki fif (%1071 AN I HK(x107h) fif i (x10) BE(X10)
WILHE F 5.0(3.0~5.0) 14(5.0~30) 9.8(5.0~20) 4.0(0.50~5.0) 1.0(0.5~5.0) 2.5(2.5~5.0)  4.9(0.50~5.0)  5.9(1.0~3.1)
K 5.0(3.0~5.0) 5.0(3.8~20) 6.1(5.0~20)  2.20(0.50~5.0)  1.0(0.5~5.0) 2.5(2.5~5.0)  2.6(0.050~5.0)  5.0(1.8~19)
VUL F0.50(0.500~0.500)  2.5(2.5~2.5) 2.0(2.0~2.0) 1.3(L.3~1.3)  0.50(0.50~1.0) 0.20(0.20~0.50)  5.0(5.0~5.0) 4.0(2.5~5.0)
#i 0.50(0.50~1.4)  2.5(2.5~2.5) 2.0(2.0~2.0) L3(1.3~1.3)  0.50(0.50~1.0) 0.20(0.20~0.50)  5.0(3.0~5.0) 4.5(2.5~5.0)
MoKkRE FE 2.0(0.50~2.9) 2.3(1.0~3.4) 4.3(2.0~5.4) 4.5(2.5~6.5) 1L.O(L0~1.0)  0.50(0.50~0.50) 2.7(1.8~5.0) 6.7(4.6~8.0)
i 1.3(0.50~2.0)  1.6(1.0~2.6) 2.8(2.0~4.4) 3.1(2.5~5.0) 1.0(1.0~1.0)  0.50(0.50~0.50)  2.9(1.6~5.0) 7.9(2.5~10)
VOKF  F 0.50(0.50~0.50)  2.5(2.0~2.5) 2.0(2.0~2.0) 2.0(1.3~2.0)  0.50(0.50~1.6) 0.50(0.20~0.05)  5.0(2.5~5.0) 5.0(2.5~5.0)
K 1.0(0.50~1.0)  5.0(2.5~5.0) 4.0(2.0~4.0) 5.0(1.3~5.0) 1.0(0.5~1.0)  1.0(0.020~1.0)  10.0(2.5~10.0)  10(2.5~10.0)
SRV £ 0.50(0.50~3.2)  2.5(2.4~4.4)  2.0(2.0~5.0)  2.0(1.3~3.5)  1.0(0.5~1.0) 0.50(0.20~0.50) 5.0(2.5~5.0) 5.0(2.5~7.0)
R 1.0(0.50~3.0) 2.5(2.5~5.0) 2.0(2.0~5.0) 1.9(1.3~4.1) 1.0(0.5~1.0) 0.50(0.20~1.0) 5.0(2.5~5.0)  5.0(2.5~10)
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i 0.180(0. 180~0. 512) 0. 900( 0. 900~0. 900) 0. 240( 0. 240~0. 240) 2.55(2.55~2.65)
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i 0.360(0. 180~1.06) 0.900(0.900~1. 80) 0.240(0. 240~0. 600) 3.88(2.55~8.31)
o0906; i o ST i 08002 o AR E
0.00018 | Sl akiatE
0.0005 | & [ P
000016 - 3 @ R
0.00014 [ [:i: i s
. o.0004 | Qs & oooor> | 8 FAGREL
EZA&: 0.0003 } i__: 00001 | [
= & o.00008 |
0.0002 | 0.00006 [ [i
0.0001 } E 3 0.00004 | |}
% ! % 0.00002 |
o é = i )
w# &= A # 3
A ZE=KER B.iH 7K HA
1 =K 5 7K 30 0 DA J e 385 o 4 s ) 08 XU L
2.2.2  AEFEUEXEE: AMARX 4 HTEB RS 0.022) #5(Z2=-2.899,P=0.04) 4% (Z=-3.184,P=

IR A RS 7K H 4% 4 S 2 IR K R 58 B T A AR B0 XU
K6,

MM B DE Y8 B E | Toie F KR 2 A K
A A A 7K o S B 4 R 2 ORI A8 i 30T 4 4E
BRI T 1,7 554 8 P 8073k B0 KU 1Y
BIHE 7K ARG K 31 34K F 1 (FE7K 32 0. 0980,
HiZK191:0.138) .

A E K AL K 25 4 R S OK IR AR T 2L
AR KU BY Wilcoxon FEAIKG 5 (1F RVt Lk ) A B,
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260. 583 .39. 404 33. 464, 3] P<0. 001, A 7K I P4 A %
WA B O R B BERY H (ELSR IR 101,599
150. 298 204. 781 .62. 713 203. 123 .65. 124 20. 606 , ]
P<0.001, 0] 4 FiHE 4 & 76 A [F) i 5T 2k 2o K

K22 5 A geit2r s S a5 R 2,
-2.316,P=0.021), {8 /K A Il i (Z =-2.285, P =

F6  DURMEAFRAMCHMESRESEZS D RENAEBUE XK M(Py~Ps) ]
TR AKWIZEAL AR(107T) H(1072) A (1072) FR(1072) fli(1072) (1073) FE(1073)
TR + 4.0(2.4~4.0) 6.4(2.4~14) 7.8(4.0~16) 1.5(0.75~7.5) 1.2(1.2~2.4)  8.4(0.086~8.6)  4.7(0.82~24)
H 4.0(2.4~4.0)  2.4(1.8~9.6) 4.9(4.00~16.2) 1.5(0.75~7.5)  1.2(1.2~2.4)  4.5(0.086~8.6)  4.0(1.4~15)
VEVLIEI F 0 0.40(0.40~0.40)  1.2(1.2-1.2) 1.6(1.6~1.6)  0.75(0.75~1.5) 0.096(0.096~0.24) 8.6(8.6~8.7)  3.2(2.0~4.0)
K 0.04(0.04~0.11)  1.2(1.2~1.2) 1.6(1.6~1.6)  0.75(0.75~1.5) 0.096(0.096~0.24) 8.6(5.1~8.6)  3.6(2.0~4.0)
TR + 1.6(0.4~2.3)  1.1(0.48~1.6)  3.4(1.6~4.3) 1.5(1.5~1.5)  0.24(0.24~0.24)  4.6(3.1~8.6)  5.4(3.7~6.4)
i 1.0(0.40~1.6)  0.77(0.48~1.3)  2.2(1.6~3.5) 1.5(1.5~1.5)  0.24(0.24~0.24) 5.0(2.7~8.6)  6.3(2.0~8.0)
YK IR E 0 0.40(0.40~0.40) 0.12(0.96~1.2)  1.6(1.6~1.6)  0.75(0.75~2.4) 0.24(0.096~0.24) 8.6(4.3~8.6)  4.0(2.0~4.0)
K 0.80(0.40~0.80) 2.4(1.2~2.4)  3.2(1.6~3.2)  1.5(0.75~1.5) 0.48(0.096~0.48)  17(4.3~17) 8.0(2.0~8.0)
Ee s sl £ 0.40(0.40~2.5)  1.2(1.2~2.1) 1.6(1.6~4.0)  1.5(0.75~1.5) 0.24(0.096~0.24) 8.6(4.3~8.6)  4.0(2.0~5.6)
i 0.80(0.40~2.4)  1.2(1.2~2.4) 1.6(1.6~4.0)  1.5(0.75~1.5) 0.24(0.096~0.48) 8.6(4.3~8.6)  4.0(2.0~8.0)
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